Abstract. Chlorotic 'Manzanillo' olive (Olea europaea L.) trees and 'Maycrest' peach [Prunus persica (L.) Batsch] trees were injected with Fe solutions using an apparatus that consisted of a plastic injector and a pressurized latex tube containing the solution to be injected. Injections were made on various dates from Sept. 1987 to July 1988. All treatments increased chlorophyll content compared to that of the control. Ferrous sulfate was the most effective Fe compound in alleviating chlorosis; its effect lasted for two seasons in peach and for at least three seasons in olive. Also, ferrous sulfate increased vegetative growth and affected cropping the year following injections. Ferrous sulfate at 0.5% to 1% is recommended to reduce the risk of foliar burning. The injection method effectively introduced Fe compounds into olive and peach trees.
Iron chlorosis is a major nutritional problem of fruit trees growing in alkaline, calcareous soils. Iron chlorosis results in crop losses, and, in severe cases, trees become unproductive and may die. Much research has been conducted to determine the most effective and economical methods of correcting Fe chlorosis. The proceedings of the six international symposia on Fe nutrition (Barton and Johnson, 1988; Chen and Hadar, 1991; Clark et al., 1986; James et al., 1984; Miller et al., unpublished; Nelson et al., 1982) and the review by Korcak (1987) provide information on plant Fe nutrition and control. Developing more Feefficient cultivars or rootstocks seems to be the best method of controlling Fe (Mortvedt, 1991) . For established trees, injecting Fe compounds into trunks has alleviated chlorosis for at least two growing seasons in various deciduous fruit trees (Barney et al., 1985; Hurley et al., 1986; Raese and Parish, 1984; Raese et al., 1986; Reil et al., 1978; Yoshikawa, 1988; Yoshikawa et al., 1982) . Of the various chemicals tested, ferrous sulfate gave the best results at the lowest cost. method in alleviating Fe chlorosis in olive and peach trees.
Olive. Two distinct experiments were carried out in a commercial olive orchard located in the Seville province in southern Spain. Drip-irrigated, 12-year-old 'Manzanillo' trees growing on a calcareous soil and showing clear symptoms of Fe chlorosis were selected for the experiments. In Expt. 1, a split-plot design was used with four blocks; injection date was the whole-plot factor and the concentration of ferrous sulfate was the subplot factor. Each subplot consisted of one tree. The subtreatments were a nontreated control and injections of 0.5%, l%, or 2% ferrous sulfate solutions. Ferrous sulfate was injected in Sept. and Dec. 1987, and Mar. and June 1988 . One selected scaffold of 80-to 120-cm 2 crosssectional area per tree received one 250-ml injection. This scaffold served as the experimental unit. Chlorophyll content was determined in July and Nov. 1988 , 1989 , and 1990 from the second fully expanded leaf of 10 shoots from each scaffold. After extraction with methanol, chlorophyll content was determined (Harborne, 1973) . Chlorosis development was also evaluated from Mar. 1988 to May 1991 using a scale of 0 to 3, where 0 = no chlorosis and 3 = very strong chlorosis. Vegetative growth was determined at the end of each growing season by measuring shoot length The high-pressure trunk-injection system described by Reil and Beutel (1976) was used in the experiments noted. However, commercial use of this method is limited because special equipment is needed, labor costs are high, and the high pressure may injure some trees. Recently, Navarro et al. (1992) described a low-pressure trunk-injection method that is easy to use, economical, and does not require special equipment. The objective of the present study was to evaluate the effectiveness of this Peach. A block of chlorotic 7-year-old 'Maycrest' peach trees growing in a commercial orchard in the Guadalquivir Valley in southern Spain was chosen for peach experiments. A split-plot design with four blocks was used; injection date was the whole-plot factor and the concentration of ferrous sulfate was the subplot factor. Each subplot consisted of a single tree. The treatments were a nontreated control and injections of 0.5% or 1% ferrous sulfate solutions. Injections were made in Apr., May, June, or July 1988. Each experimental tree received two simultaneous 250-ml injections. Chlorophyll content was determined on July 1988 and Apr. and June 1989. The current season's shoot length and leaf area, and fruit yield the year following injections were determined as described in the olive experiments.
We used the injection method described by Navarro et al. (1992) . In brief, Fe solutions were placed under pressure in a latex tube that was closed at both ends. After removing one of the ties, the pressurized tube was connected to on 10 tagged shoots per scaffold and by measuring leaf area on the same leaves used to determine chlorophyll content. The leaf area of each sample was determined with an area meter (model 3100; LI-COR, Lincoln, Neb.). The effect of Fe trunk injections on cropping was evaluated by measuring yield and fruit size at harvest. a plastic injector that was fixed in a 4.5-cmdeep and 6-mm-diameter hole drilled into the trunk or scaffold. Analyses of variance were performed on the data from each experiment. Where a significant F test was observed, regression analyses for the quantitative treatments or Duncan's multiple range test for mean separation was performed.
No interaction was found between injection date and Fe concentration. Separate analyses of both factors showed no effect due to injection date related to chlorophyll content, growth, and yield in olive or peach trees after the trees regreened following treatment (data not shown). Trees injected during the growing season regreened a few days after injection.
Chlorosis. Ferrous sulfate injections reduced Fe chlorosis in olive and peach trees. Chlorophyll content significantly increased in treated olive trees by July 1988 and remained high through Dec. 1990 (Table 1) . However, by Dec. 1990 , chlorophyll content in olive trees injected with 0.5% and 1% ferrous sulfate reached the same levels obtained in control trees. This effect was more evident when Fe chlorosis symptoms were observed. Control trees exhibited more severe Fe chlorosis symptoms compared to injected trees over the four years of observations (Fig. 1) . The most severe symptoms were observed from November to April; the average rating depended on the year. Injected trees did not show Fe chlorosis symptoms from Apr. 1988 to Apr. 1989. After July 1989, trees injected with 0.5% ferrous sulfate solutions showed weak Fe chlorosis symptoms, and, by Nov. 1990 , all injected trees showed symptoms, although symptoms were less severe than those observed in control trees.
A similar response was observed in peach trees. Chlorophyll content significantly increased in ferrous sulfate-injected peach trees ( Table 2 ). The reduction in chlorophyll content with time was greater than in olive trees. Injected trees still exhibited a higher chlorophyll content than control trees by June 1989, 1 month after harvest the year following the treatments.
Vegetative growth. Vegetative growth also was influenced by the treatments. Ferrous sulfate injections did not affect olive shoot length, but leaf area significantly increased in 1988 and 1989 (Table 3) . Lack of significance in shoot length might be due to the high variability obtained, expressed by the coefficient of variation (cv = 54.5% in 1988, 32.7% in 1989, and 36.0% in 1990) . In contrast, shoot length and leaf area increased when ferrous sulfate was injected into peach trees (Table 4) .
Yield. Iron injections increased olive yield the year following treatments but did not affect fruit size at harvest (Table 5) . Fruit size may have been affected by the increased crop load. The opposite effect was observed in peach trees. Iron injections did not affect yield the year following treatments but significantly increased the weight of fruit removed by thinning (Table 4) . Fruit thinning is not a common practice in olive culture in Spain, whereas severe fruit thinning is applied to peach trees.
The effect of Fe concentration on chlorophyll content showed a positive linear response in olive and peach trees, and on vegetative growth and yield in olive. These results suggest that the higher the Fe concentration injected, the better Fe chlorosis was controlled. In addition, the highest ferrous sulfate concentration had the best long-term effect, particularly in olive trees. Some foliar burning was observed following injections, particularly at the highest ferrous sulfate concentration. Phytotoxicity was more severe in trees injected in spring; however, damage was not serious and symptoms disappeared quickly. No damage was observed at the injection point.
Comparison of compounds. All Fe compounds tested reduced Fe chlorosis in olive trees the year of treatment (Table 6 ). By July 1989, l year after injection, only trees injected with ferrous sulfate and Fe-EDDHMA had higher chlorophyll content than that of the control and showed no Fe chlorosis symptoms. This effect remained until the end of observations in July 1990, 2 years after injections. Ferric citrate was the least effective Fe "Each datum is the average of values from four injection dates. NS ,***Nonsignificant or significant at P = 0.01; L = linear. The injection method used in the present work alleviated Fe chlorosis in olive and peach trees with the same efficiency of other injection methods. Chlorophyll content in treated trees remained higher than in the control for at least three seasons in olive trees and for two seasons in peach trees. The species differences may be related to Fe losses associated with leaf fall in peach. In our experiment, each peach tree received two 250-ml injections of ferrous sulfate. We hypothesize that increasing the number of injections per tree may result in a longer-lasting effect; however, Yoshikawa (1988) reported that l-liter ferrous sulfate injections-twice the volume applied in our experiment-also remained effective for only two seasons in peach trees. Iron injections reduced chlorosis for 3 or 4 years in apple (Malus domestica Borkh.) and pear (Pyrus communis L.) trees only when fall and spring injections were made (Raese et al., 1986) . We also observed that increasing the number of 
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injections per tree distributed Fe solutionmore uniformly throughout the tree, particularly in trees with short trunks (data not shown). Although all Fe compounds tested rapidly corrected Fe chlorosis, only ferrous sulfate and Fe-EDDHMA had a prolonged effect. Solubility plays an important role in the uptake of Fe solutions from trunk injections and, thus, may play a significant role in their effectiveness. Other factors related to the chemical nature of the Fe compounds may affect their efficiency in controlling Fe chlorosis to a larger extent than does uptake rate. For example, ferric citrate was absorbed in a few minutes but was the least effective Fe compound in alleviating chlorosis. Similar results were reported by Barney et al. (1985) for apple trees. Ferrous sulfate gave the best overall results; it was taken up rapidly and had a more prolonged effect.
The main problem with trunk injection is phytotoxicity. Foliar burning is related to Fe concentration. At the concentrations we used, phytotoxicity was slight. We recommend injecting ferrous sulfate at concentrations ≤ l% to reduce the risk of foliar burning. We also observed more damage on foliage when Fe was injected in spring, during the new flux of vegetative growth. These observations suggest that the number and the age of the leaves must be considered when determining the proper injection time.
